Objective: To study the effect of maternal massage therapy on hospital stay in very-low-birth-weight infants who were already submitted to skin-toskin care.
Introduction
Early interruption of gestation brings consequences that still cannot be fully avoided even in neonatal units with the most modern technological resources and best survival rates. There is a high probability of preterm infants going beyond the neonatal period before reaching a growth 1 and development 2 pattern similar to that of term newborns. In addition, the need for a long hospital stay period makes the presence of parents essential for assistance, once the parents' competence to understand and provide the premature infant's needs is consolidated as one of the main medical criteria for hospital discharge. 3 Studies involving the hospital stay period of preterm infants showed that relatively simple measures improve their prognoses, such as skin-to-skin contact reduces the painful sensation of term neonates 4 and promotes the development and parental relation of preterm infants; 5 the creation of a sleep-provoking environment increases the growth rate of very-low-birth-weight (VLBW) infants; 6 the application of tactile-kinesthetic stimulation contributes to both growth and development of preterm infants between 1000 and 2000 g, without adverse effects on physiological parameters; 7 instructions to first-child parents on how to bathe and massage favors parent-infant bonding; 8 and the participation of mothers through massage with moderate pressure improves growth and development rates of term infants. 9 Despite these evidences, in two systematic revisions, one regarding the tactile-kinesthetic stimulation in newborns with gestational age (GA) <37 weeks and birth weight <2500 g, 10 and one regarding the developmentoriented assistance method in preterm infants, 11 the authors considered the results as inconsistent and suggested that such interventions should be better investigated before being adopted without restrictions.
In comparison with control newborns, those cared for in a kangaroo setting showed an increased growth, and a decreased length of stay and mortality risk. 12 There is no reported study on the effect of maternal massage (tactile-kinesthetic stimulation) on the timing of hospital discharge of VLBW preterm neonates who were already cared for in a skin-to-skin contact.
Therefore, the purpose of this study was to investigate the effects of maternal massage on the length of hospital stay of VLBW infants who were already cared for in a skin-to-skin contact.
Methods
A randomized blind clinical trial was performed at the NICU of the Hospital de Clínicas de Porto Alegre, which is listed in the Institutional Ethics Committee under 03-287 and registered at http://www.clinicaltrials.gov (identifier: NCT00128141). Parents or people in charge were consulted and instructions on the study were provided to them. They also received guarantees of confidentiality and signed a form authorizing the participation of the child.
Sampling
The sampling process started on 1 October, 2003 and ended on 28 August, 2005. The study included newborns who had been hospitalized since birth at the NICU and presented GA p32 weeks and birth weight X750 and p1500 g. All the newborns received skin-to-skin care. The total duration of kangaroo care of each infant included in the study was not figured out. The exclusion criteria were as follows: death before completing 48 h after birth, presence of major malformations and parents refusing to participate in the study.
Neonates were sequentially randomized after they completed 48 h in intervention group (IG) that received the tactile-kinesthetic stimulation until hospital discharge and control group (CG). Randomization was performed as follows: a card was picked out from a ballot box that contained 52 blue and 52 red cards representing IG and CG, respectively. The person who picked out the card did not participate in the study; the card was not returned to the ballot box. In case of multiple gestations, only one card defined the group to the newborns.
Intervention
Intervention performed exclusively by the mothers was based on studies regarding the application of skin stimulations [13] [14] [15] [16] [17] and passive exercises 18, 19 in preterm infants. The mothers were instructed to perform one stage at a time, and were supposed to end the sequence within 15 min, four times per day with an interval of 6 h. The tactile stimulation was performed on the cutaneous surface and the muscular area corresponding to the temporal, frontal, periorbital, nasal and perilabial regions of the face; the external side of the upper and lower limbs; and the soft parts of two or three fingers grouped were passed gently with moderate pressure, up to three times in one direction and three times in the opposite direction. The kinesthetic stimulation consisted of passive exercises (flexion and extension) of upper and lower limbs, one limb at a time and up to three times at each articulation (wrist, elbow, ankle and knee); one of the hands supported the stimulated limb and the other hand performed the movements.
To ensure a safe application of the intervention, mothers of the IG were instructed to observe the newborns' tolerance signs, avoid excessive stimulations, keep the babies lying on their back, with stretched limbs close to the body, and perform the kinesthetic stimulation to one limb at a time. A researcher had regular meetings with mothers included in IG every 48 h to assure that they were doing the intervention as instructed.
Variables
Demographic data were collected from the mothers regarding their age, school education level, type of delivery and duration of rupture of membranes. Newborns were characterized with data regarding gender, Apgar score <7 at the 5th minute, GA, number of small-for-GA (SGA) infants (birth weight below 10th percentile according to Alexander et al. 20 ), SNAPPE-II (score for neonatal acute physiology perinatal extension-II), weight, length, head circumference and Rohrer's ponderal index.
The primary outcome was the hospital stay duration; and the secondary outcomes were as follows: growth evaluated through weight, head circumference, length, growth rate and Rohrer's ponderal index; age at which partial enteral feeding and total enteral feeding were started; age at which partial oral feeding and total oral feeding were started; the occurrence of late onset sepsis (occurring at least 72 h after birth) evidenced by clinical manifestations and positive blood and/or cerebrospinal fluid cultures; 21 presence of necrotizing enterocolitis confirmed by clinical and radiological signs; 22 and presence of bronchopulmonary dysplasia characterized by oxygen dependence after 36 weeks of corrected GA. 23 Procedure During the entire hospitalization period, newborns received the same care, except for maternal massage; besides, mothers from both groups performed the skin-to-skin care.
Anthropometric data were always verified by a person blinded to the group to which the newborn belonged, in the afternoon and using the same equipments, flexible and non-elastic tape measure in millimeters, anthropometric table ruler and digital baby scale.
The medical team in charge of the patient did not participate in the study and was blind to the group to which the baby belonged, being responsible for the therapeutic and nutritional treatment during all the hospitalization period. Infants received 150 ml kg À1 day À1 of special preterm formula (80 cal per 100 ml) or expressed breast milk enriched with fortifier.
The decision for hospital discharge was made exclusively by the patient's medical team and the criteria adopted for the newborns' hospital discharge were the same for both groups, that is, ability to maintain body temperature while dressed and accept oral feeding without difficulties in coordinating suction.
Statistical analysis
The sample size calculation performed using PEPI program (programs for epidemiologists) version 4.0 with a significance level of 5%, test power of 90%, difference in the average estimated hospital stay period of 6 days between both groups 24 and an effect size of 0.7 or more determined the inclusion of 49 newborns in each group.
Collected data were entered in a database, and after that, analyzed using the SPSS (statistical package for the social sciences) program version 10.0, with a significance level of 5%. Quantitative variables with symmetric distribution were described by mean values and s.d., and those with asymmetric distribution were described by median values and 25 to 75%. Qualitative variables were described by absolute and relative frequencies.
For comparing both CG and IG, the following methods were used: for quantitative variables, Student's t-test (symmetric distributions) or Mann-Whitney's test (asymmetric distributions), and for qualitative variables, w 2 -or Fisher's exact test. Kaplan-Meier's curve was used to calculate median values and confidence intervals (CI) of the hospital stay period. Log-rank test was used in the comparison of such a curve.
Cox regression model was used to evaluate the predictors of hospitalization period and in the control of confounding variables.
Results
During the selection period, 818 preterm infants were admitted: 208 of them weighed p1500 g at birth and 137 had GA p32 weeks and birth weight X750 and p1500 g. After excluding 33 neonates, we randomized 104 patients. At the end of the study, 93 neonates had been evaluated until the hospital discharge: 46 in the IG and 47 in the CG, with 11 deaths in total within the data collection period: 6 in the IG and 5 in the CG. Table 1 shows the demographic characteristics and results obtained from the basic variables of all newborns with treatment intention.
The accumulated probability of hospitalization illustrated in Figure 1 shows all newborns included in the study, even those who died during the study. The median value for the total hospitalization time in the IG was 42 days (CI 95%: 38 to 46) and in the CG 49 days (CI 95%: 42 to 56) (P ¼ 0.084).
The results presented in Table 2 refer to the secondary outcomes and show the variables evaluated in VLBW infants who concluded the study until hospital discharge. According to the analyses, the groups presented a similar behavior in terms of starting partial enteral feeding, total enteral feeding, partial oral feeding and total oral feeding. Length of VLBW infants in the CG was higher at hospital discharge than the length of the babies in the IG. Growth rate (weight, head circumference and length) was similar in both groups. The occurrence of late-onset sepsis was higher in the CG than in IG. When we included those who died in the statistical analysis, the difference in the occurrence of late-onset sepsis was still significant (22 out of 52 and 8 out of 52 in CG and IG, respectively; P<0.01). The pathogens found in the blood culture of CG were as follows: 13 coagulase-negative Staphylococci, 6 Staphylococcus aureus, 1 Enterococcus sp, 1 Candida parapsilosis and 1 Candida sp.The pathogens found in the blood culture of IG were as follows: 3 coagulase-negative Staphylococci, 3 Staphylococcus aureus, 1 Enterococcus sp and 1 Candida parapsilosis. Table 3 shows the results obtained with Cox regression model. Among the significant predictors of earlier hospital discharge were IG, Cesarean delivery, and early start of partial enteral and total oral feeding. VLBW infants who received maternal intervention presented higher probability of earlier hospital discharge, 1.85 (CI 95%: 1.09 to 3.13; P ¼ 0.023) times higher than those who did 
Discussion
This study suggests that the mother's participation through massage therapy is a significant predictor of hospital discharge in VLBW neonates, even in those cared for in skin-to-skin contact, increasing their probability of hospital discharge 1.85 times. Studies on tactile-kinesthetic stimulation in preterm neonates regarding growth suggest that it increases weight gain 7, 19, [24] [25] [26] and decreases the length of hospital stay. 24, 25 In our study, we did not find this difference in the daily weight gain when comparing both groups. Except for one study that presented that the proportion of studied SGA infants was 10.5%, 26 there is no reference about the number of SGA newborns in other studies. In our population, more than 35% of the neonates from both groups were SGA, which might have influenced growth during the study period, as it is known that these infants present a subnormal growth. 27 The effect of massage therapy in SGA VLBW neonates deserves a deeper study. Kangaroo care improves weight gain in preterm infants, 12 and the fact that all our studied newborns were cared for in that setting is another explanation for no difference in weight gain between both groups. We do not believe that the absence of difference in weight gain between both groups was related to compliance with the intervention, as a researcher met with each mother included in IG every 48 h to check compliance.
The best delivery method to VLBW neonates is controversial, although Lee and Gould 28 recently suggested that VLBW infants present better evolution during the neonatal period with the Cesarean delivery method. We noted that Cesarean delivery was a significant predictor factor of early hospital discharge, increasing the probability of earlier hospital discharge 2.23 times. It is important to notice that the IG had more vaginal deliveries than the CG, despite Cesarean section increased the probability of earlier discharge. If the incidence of Cesarean section were the same in both groups, the IG may have had a much earlier average discharge. An unexpected finding was that late-onset sepsis frequency was significantly lower in neonates who received the tactile-kinesthetic stimulation even when we included those that died during the study. The IG had an incidence of late-onset sepsis significantly lower than that reported by Stoll et al. for the NICHD neonatal research network. 20 Charpak et al. 12 showed that preterm infants in a kangaroo mother care setting had a decreased frequency of hospital infection. It is also known that massage therapy improves the immunization function in adults. Women with breast cancer had an increase in natural killer cells and lymphocytes with massage therapy application. 29 It is possible that there is also an effect of the tactile-kinesthetic stimulation on the immune function of the premature neonate. Improved immune function may explain the decreased frequency of late-onset sepsis in those newborns. The lower late-onset sepsis frequency might have contributed to an early hospital discharge of these patients.
The patients were monitored by assistant physicians blind to the study. The hospital discharge criteria considered the clinical conditions of the newborn and the mother's evaluation regarding the possibility to take care of the baby at home. The daily weight gain and the age to start enteral and oral feeding were similar in patients from both groups; however, the babies in the IG had hospital discharge 7 days earlier, presenting an average weight of 122 g below the weight of the patients in the CG. This finding suggests that the maternal presence was a determinant factor of an early hospital discharge. The maternal tactile-kinesthetic stimulation might have enabled an early mother-baby interaction. 13 Although we found some limitations in our study, our results are still very impressive. The nursing personnel was not blinded to randomization because their constant presence during the day did not allow keeping them from knowing which group the newborn belonged to. Mothers randomized to CG did not receive any information on how to stimulate their infants, but we could not prevent them from doing so by themselves. If we had compared our intervention to a standard CG with no skin-to-skin care and no spontaneous stimulation of their newborns, the results would be more striking.
The findings of this study suggest that the maternal tactilekinesthetic stimulation reduces duration of hospital stay and frequency of late-onset sepsis in VLBW infants. We suggest that the immune function of neonates submitted to the tactile-kinesthetic stimulation should be evaluated.
